Site-directed mutagenesis of the hole-forming toxin aerolysin: studies on the roles of histidines in receptor binding and oligomerization of the monomer.
The six histidines of the channel-forming protein aerolysin have been replaced one at a time with asparagine by site-directed mutagenesis, and each of the modified proteins has been purified. Three proteins had the same hemolytic activity as native toxin, but the others, those changed at His107, His132, or His332, were less able to disrupt both human and rat erythrocytes. The largest reduction in activity, more than 100-fold, was observed with the His132 mutant protein. Studies with radioiodinated samples showed that it had approximately the same affinity as native aerolysin for the rat erythrocyte receptor. However, once bound to either rat or human erythrocytes, it was much less able to carry out the next essential step in hole formation, aggregation to form a stable oligomer. Aggregation was also reduced by replacing His107, but the contrast with native aerolysin and the effect on hemolytic activity were less pronounced. The protein modified at His332 behaved in a different way from those substituted at positions 107 and 132. Its affinity for the rat erythrocyte receptor was considerably lower than the affinity of the wild-type protein, but when bound it appeared to aggregate normally. The results suggest that His132 and perhaps His107 are involved in the aggregation of aerolysin whereas His332 may be at or near the receptor binding site.